In Gravity Unified Theories all operators that are consistent with the local gauge and discrete symmetries are expected to arise in the effective low-energy theory. Given the absence of multiplets like 126 of SO(10) in string models, and assuming that B − L is violated spontaneously to generate light neutrino masses via a seesaw mechanism, it is observed that string theory solutions generically face the problem of producing an excessive ν L −H mixing mass at the GUT scale, which is some nineteen orders of magnitude larger than the experimental bound of 1 MeV. The suppression of ν L −H mixing, like proton longevity, thus provides one of the most severe constraints on the validity of any string theory solution. We examine this problem in a class of superstring derived models. We find a family of solutions within this class for which the symmetries of the models and an allowed pattern of VEVs, surprisingly, succeed in adequately suppressing the neutrino-Higgsino mixing terms. At the same time they produce the terms required to generate small neutrino masses via a seesaw mechanism. *
While supersymmetry appears to be a key ingredient for higher unification, it is known that it poses two generic problems pertaining to non-conservation of baryon and lepton numbers. First and the better discussed is the problem of rapid proton decay, which arise through d = 4 and color-triplet mediated and/or gravity induced d = 5 operators [1] . A problem of a similar magnitude, which is however not so well emphasized in the literature is the one of excessive neutrino-Higgsino mixing, which could arise effectively through bilinear operators and could induce unacceptably large masses for the neutrinos. Using standard notation the relevant (B, L) violating operators, which may arise in the superpotential, while respecting the Standard Model gauge symmetries, are as follows :
Here, generation, SU(2) L and SU ( We would like to stress that these problems are not technical but rather fundamental. In the context of point-particle quantum field theories one can impose discrete and global symmetries, which forbid the undesired couplings. However, these type of symmetries are in general expected to be violated by quantum gravity effects, unless they are obtained from broken gauge symmetries. Furthermore, the need to impose such ad hoc symmetries clearly indicates a structure which goes beyond conventional Grand Unified Theories. Indeed, it has been observed that a class of string models, possessing three families, not only provide a natural doublet-triplet splitting mechanism [3] , but also possess the desired gauge symmetries, beyond SUSY GUTS, which safeguard proton stability from all potential dangers [4, 5] , including those which may arise from higher dimensional operators and the color triplets in the infinite tower of string states.
The purpose of this note is to probe into the second puzzle and to explore whether the strong suppression of ν L −H can be understood in the context of string derived models in a manner similar to the understanding of proton stability.
To appreciate the nature of the problem, we note that the LH 2 -term, as also the 
would still be preserved because this VEV violate (B − L) by two units [6] . in this case, the effective LH 2 -term cannot be induced even if (B − L)
is broken. Recent works show, however, that 126 and very likely (10,3,1) as well, are hard -perhaps impossible -to obtain in string theories [7] . We will proceed by assuming that this constraint holds. 
which is unacceptably large, if Ñ ∼ 10 15.5 GeV.
As mentioned before in the context of point particle field theory models, the problem can be resolved simply by imposing a discrete symmetry which forbids the One must thus examine whether intrinsic symmetries of the underlying theory -e.g. a superstring theory -together with an allowed pattern of VEVs of the massless fields, which emerge from such a theory, can provide the needed enormous suppression for ν L −H mixing. In this sense, the neutrino-Higgsino mixing, like proton stability, imposes a highly nontrivial constraint on all theories which incorporate gravity, especially if multiplets like 126 are not available to break B − L.
In the following, we examine how the problem can be resolved in the context of some string derived solutions. First we note that for the free fermionic constructions yielding either the flipped SU(5) × U(1) [8] or the SO ( VEVs of the order of the GUT or string scales and thereby break the extended symmetries. As alluded to above, in these models excessive neutrino-Higgsino mixing will in general appear through 16 i 16 H 10 H coupling † which may be either primary or induced via higher dimensional operators, unless suitable discrete, or continuous symmetries, forbid such couplings, as well as the higher dimensional operators to a sufficient degree. It is of great interest, and of crucial importance, to examine whether the string derived models of the type mentioned above, for which the sneutrino-like fields must acquire large VEVs, posses the desired symmetries to sufficiently suppress the ν L −H mixing. † here we are using SO(10) notation for convenience only. The corresponding coupling in terms of the subgroups SU (5) × U (1) and SO(6) × SO(4) can be written unambiguously
We next turn our attention to the class of superstring-derived standard-like models, obtained in ref. [11, 13] . A priori, motivations for exploring this class of solutions are that -(a) they exhibit qualitatively the right texture for fermion masses and mixing, and (b) they possess extra symmetries, beyond conventional GUTs, which safeguard proton stability from all potential dangers. These symmetries also turn out to be helpful in suppressing ν L −H mixing operators. Furthermore, unlike the models of Refs. [8, 9] , the standard-like models possess fields carrying half-integer B −L (see table 3 ). Thus, they may well break B −L by utilizing VEVs of such fields rather than those of sneutrino-like fields. In this case, ν L −H mixing can still occur, but only by utilizing products of VEVs of such fields and of composites. As a result, the mixing necessarily involves higher dimensional operators, which are suppressed.
However, it is still far from clear as to whether ν L −H mixing can be suppressed adequately in these models. This is what we examine next.
First we need to recall some salient features of the standard-like models. This class of models is constructed by using the four dimensional free fermionic construction [12] . The standard-like models are constructed by a set of eight boundary condition basis vectors {1, S, b 1 , b 2 , b 3 , α, β, γ} [11] . The gauge symmetry of this class of models at the string scale, after application of all GSO projections, has the form :
The first bracket denotes the part of the observable gauge symmetry which is a subgroup of SO (10) . The U(1) i denote six horizontal symmetry charges which act non-trivially on the three chiral families as well as the hidden matter states. In the models of Ref. [11] ,
H , which denotes the gauge symmetry of the hidden sector.
Below we examine in detail the model of Ref. [13] . The full massless spectrum of this model is given in Ref. [13] . A partial list which is relevant for our purposes is [14, 15] is implemented by combining the familiar Dirac masses of the neutrinos which arise through electroweak-symmetry breaking scale, with superheavy mass terms which mixν i R with the singlet φ fields in sets (II) and (III) [16] . The details of how the seesaw mechanism arises in the superstring model are given in Ref. [16] .
Here we briefly sketch the main features. Subject to the relevant symmetries, the mixing terms arise in order N = 6, 7 and 8 forν 2 R ,ν 3 R andν 1 R respectively by utilizing VEVs of fields having the quantum numbers of N ′ L (see Eq. (4)). For example, for N = 6, the mixing arises through the operatorsν 2 R Φ (4)), the latter can lead to the ν LH mixing through higher dimensional operators. In the model of ref. [13] we find that, subject to the constraints of the string-derived symmetries and the string selection rules [17] , the relevant terms arise only at N = 6, which we list below :
It may be verified using tables 1-3 that all the terms listed above conserve the full gauge symmetry listed in Eq. (3), including all the U(1) ′ s. The gauge singlet fields ξ 1,2 appear in these terms to produce non-vanishing Ising model correlators [17] .
The superstring model under consideration contains an anomalous U(1) symmetry which induces a Fayet-Iliopoulos D-term and destabilizes the vacuum [18] . To preserve supersymmetry at the Planck scale, one must satisfy the D and F constraints arising from the superpotential by giving VEVs to a some scalar fields in the massless string spectrum. Depending on the choice of these VEVs at the string scale, the dangerous terms may indeed be generated. Thus, our task is to find a solution to the F and D constraints for which the neutrino-Higgsino mixing terms vanish while the seesaw neutrino mass terms, as well as other desirable phenomenological properties are retained. Note that owing to differing quantum numbers (e.g. This is what we proceed to do in the following.
The cubic level superpotential and the anomalous as well as the anomaly free, U(1) combinations are given in ref. [13] . As an example, we find a solution to the F and D cubic level flatness constraints with the following set of fields
having non-zero VEVs and all other fields have vanishing VEV. With this set of fields the general solution is
In this solution the VEVs of three fields, {V 3 ,Φ 23 , H 18 } remain as free parameters, which are restricted to give a positive definite solution for the set of D-term equations. Fixing those VEVs the above solution gives a qualitatively realistic fermion mass texture [19] . As noted above, the model yields altogether four pairs of electroweak Higgs-like doublets {h 1 , h 2 , h 3 , h 45 } and {h 1 ,h 2 ,h 3 ,h 45 } (see sets II and III).
It has been shown [21] that only one pair -i.e.h 1 orh 2 and h 45 , can remain light, while others acquire superheavy or intermediate masses. Assuming that the light electroweak doublets consist ofh 1 and h 45 we observe that with this solution all the neutrino-Higgsino mixing terms in Eq. (6) vanish while the seesaw terms in the neutrino mass matrix are preserved. We checked with the aid of a computer program that with this solution for the pattern of VEVs (Eq. 7), surprisingly, the ν L −H mixing terms are not induced even up to N = 14. One is led to suspect that very likely a discrete symmetry is left unbroken which prevents ν L −H mixing to all orders.
Even if the mixing is induced at N = 15, however, we see that it would lead to a In this paper we examined the problem of neutrino-Higgsino mixing in superstring derived models. We stress that such a mixing is expected to arise in any theory that aims at unification of gravity with the gauge interactions. This mixing must be suppressed by at least 19 orders of magnitude, compared to the GUT-scale, to conform with observations. Therefore, neutrino-Higgsino mixing, like proton stability, provides one of the most stringent constraints on the validity of any gravity unified theory. Furthermore, it is seen that the inclusion of the expected gravitational effects, via the inclusion of the higher order nonrenormalizable terms, affects in a crucial way the phenomenology of the unified models. We illustrated, in a specific string model, that string theory can indeed produce qualitatively realistic solutions, while the dangerous neutrino-Higgsino mixing terms are sufficiently suppressed. In the solutions that we examined the exotic "stringy" states play a crucial role. These exotic states, of a uniquely stringy origin, may have additional profound phenomenological implications which merit further investigation.
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